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This article argues for an interdisciplinary approach to mathematical problem solving at the 
elementary school, one that draws upon the engineering domain. A modeling approach, using 
engineering model eliciting activities, might provide a rich source of meaningful situations that 
capitalize on and extend students’ existing mathematical learning. The study reports on the 
developments of 48 twelve-year old students who worked on the Bridge Design activity. Results 
revealed that young students, even before formal instruction, have the capacity to deal with complex 
interdisciplinary problems. A number of students created quite appropriate models by developing 
the necessary mathematical constructs to solve the problem. Students’ difficulties in mathematizing 
the problem, and in revising and documenting their models are presented and analysed, followed by 
a discussion on the appropriateness of a modeling approach as a means for introducing complex 
problems to elementary school students.   
Keywords: Modeling, interdisciplinary problems, complex problem solving, engineering model 
eliciting activities. 
 
INTRODUCTION AND THEORETICAL FRAMEWORK 
The world, students nowadays face, has become governed by complex systems – in 
communications, in engineering, in finance, and in education. For all citizens, and 
especially for students, an appreciation and understanding of the complex systems is crucial 
for making effective decisions about their future studies and life, and their role as 
community members (Lesh & Doerr, 2003). This radical increase of complex systems in the 
economy and society has created a worldwide demand for new mathematical solutions to 
complex problems and has led to an appreciation of the power of cross-disciplinary research 
(English & Mousoulides, 2011). This situation places a strong emphasis on developing 
students’ abilities to successfully deal effectively with complex, dynamic and powerful 
systems of information (Lesh & Zawojewski, 2007).  
One manner of addressing the calls for reform in science, technology, engineering, and 
mathematics is through the integration of engineering model-eliciting activities (EngMEAs) 
– realistic, client-driven problems based on the theoretical framework of models and 
modeling (Haines, Galbraith, Blum, & Khan, 2007; Lesh & Doerr, 2003; English & 
Mousoulides, 2011). The integration of authentic problems within the school mathematics 
and science curricula is important for a number of reasons. Such real world based problem 
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experiences can: (a) help students understand how to apply the engineering design process 
in solving real-world problems; they learn to think creatively, critically, flexibly, and 
visually, and to troubleshoot and learn from failure, (b) help students appreciate how their 
learning in mathematics and science can apply to the solution of important real-world based 
engineering problems, (c) highlight the relevance of studying mathematics and physical 
sciences and lead to better preparedness of senior subjects, and (d) help students appreciate 
the usefulness of the various fields of engineering and the role of the engineer in the society 
(Kaiser & Sriraman, 2006; Zawojewski, Hjalmarson, Bowman, & Lesh, 2008). 
The present study focuses on mathematical modeling, a process that describes real-world 
situations in mathematical terms, as a means for bridging complex authentic engineering 
problems and school mathematics (English, 2008; Mousoulides, Sriraman & Lesh, 2008). 
Using a modeling perspective, students have opportunities to create, apply and adopt 
mathematical and scientific models in interpreting, explaining and predicting the behavior 
of complex engineering problems.  
A Modeling Perspective in Complex Engineering Problem Solving 
A means of integrating engineering experiences within the elementary mathematics and 
science curricula is through the models and modeling perspective (Lesh & Zawojewski, 
2007). In these activities students are provided with opportunities to work with complex real 
problems that involve model development. These Engineering Model Eliciting Activities 
(EngMEAs) aim to complement and enrich the engineering design process, by offering 
students opportunities to repeatedly express, test, and refine or revise their current ways of 
thinking as they endeavor to create a structurally significant product—structural in the sense 
of generating powerful mathematical and engineering constructs (Zawojewski et al., 2008; 
Mousoulides et al., 2008). Thus, the components of a modeling basic engineering design 
process, students go through, are: Ask (What is the problem? What have others done? What 
are the constraints?), Imagine (What are some possible solutions?), Plan (what 
diagram/sketch can you draw? Make a list of materials needed.), Create (Follow your plan 
and create it; test it out), and Improve (Discuss what works, what does not, and what could 
work better; modify your design to make it better; test it out) (Cunningham & Hester, 2007).  
The development of the models necessary to solve these problems has been described by 
Lesh and Zawojewski (2007) in terms of four key, iterative activities, namely: (a) 
Understanding the context of the problem and the system to be modelled, (b) Expressing / 
testing / revising a working model, (c) Evaluating the model under conditions of its intended 
application, and (d) Documenting the model throughout the development process. The 
cyclic process is repeated until the model or design meets the constraints specified by the 
problem. This framework provides a means to deliver open-ended real world engineering 
problems amongst with opportunities for students to elicit their own mathematical and 
scientific ideas as they interpret the problem and work towards its solution. EngMEAs also 
address important competences such as the “ability to function on teams,” and the “ability to 
communicate effectively” (English & Mousoulides, 2011).  
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THE PRESENT STUDY 
Implementation of an Engineering Model Eliciting Activity 
The EngMEA focused on the collapse of the 35W bridge in Minneapolis, Minnesota. The 
bridge suffered structural failure and collapsed in 2007. Tragically, 13 people died and more 
than 144 were injured. The activity required students to develop a model (a procedure) in 
selecting the best possible bridge type for the reconstruction of the collapsed bridge, taking 
into consideration all possible factors related to bridge type, materials used, design, safety, 
and cost. In implementing the problem, authors were primarily interested in: (a) how the 
students interpreted and understood the problem, (b) the ways in which the students worked 
with the data sets including how they selected, categorized, and operated on data, and (c) the 
nature of the developed models.   
The Bridge Design activity was developed from a problem by Moore and colleagues (2004). 
The problem entails: (a) a warm-up task comprising a newspaper article and a video about 
the collapse of the 35W bridge in Minneapolis, designed to familiarize the students with the 
context of the engineering activity, (b) “readiness” questions to be answered about the 
newspaper article, and (c) the problem to be solved, including the tables of data. The data 
included both qualitative and quantitative information (for part of the provided data, see 
Table 1 and Table 2).  
Participants and Procedures 
One class of 23 and one class of 25 twelve-year old students and their mathematics and 
science teachers worked on the engineering modeling problem as part of Primas, a 
longitudinal four year study, co-funded by the European Commission, under FP7 
framework. Primas focuses on enhancing students’ inquiry skills in mathematics, science, 
and engineering (e.g., decision making) and on exploring students’ development of 
modeling competences. The students (grade 6) were from a public K-6 middle school in the 
urban area of the capital of Cyprus. The data reported here are drawn from the Bridge 
Design activity which was implemented during the first year of the project. Engineering and 
mathematical modeling problems of the present type were new to students, since current 
curricula do not include any modeling activities.  
The problem was implemented by the author, one postgraduate student, and the classroom 
teachers. Working in mix-ability groups of three to four with regard to their mathematical 
competences, the students spent four forty-minute sessions on the activity. During the first 
session students worked on the newspaper article, watched a related to 35W bridge collapse 
video (http://www.youtube.com/watch?v=LUulELs-Bmw), and answered the readiness 
questions. In the next three sessions students developed and documented their models. 
Finally, students presented their results to their peers and a class discussion followed that 
focused on the key ideas and relationships that the students had generated.  
Data Sources and Analysis 
Data sources included audiotapes and videotapes of the students’ responses to the problem, 
together with their worksheets and the researchers’ and teachers’ field notes. Specifically,
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Table 1: Four Major Types of Bridges 
Bridge Type Advantages Disadvantages Span range Material Design 
effort 
Truss bridge Strong and rigid framework  
Work well with most applications,  
Cannot be used in curves 
Expensive materials  
Short to medium  
 
Iron, steel, concrete Low 
Arch bridge Aesthetic 
Used for longer bridges with curves, 
Long life time 
Abutments are under compression 
Long span arches are most difficult 
to construct  
Short to long Stone, cast iron, 
timber, steel 
Low  
Suspension 
bridge  
Light and flexible 
Aesthetic 
Wind is always a concern 
Expensive to build 
Long Steel rope and 
concrete 
Medium 
Cable-stayed 
bridge  
 Cables are economical  
Fast to build, Aesthetic 
Stability of cables need to be 
considered for long span bridges 
Medium  Steel rope and 
concrete 
High 
 
Table 2: Examples of the Four Major Types of Bridges  
Bridge Name Bridge Type Total length Clearance 
below 
Lanes Constructability Life time 
(Bridge type) 
Cost  
(Present value) 
Hennepin Ave Suspension 1037 feet 37 feet 6 Easy Fairly long $100 million  
10th Ave Arch 2175 feet 101 feet 4 Difficult  Long  $ 9 million 
Greenway Cable-stayed 2,200 feet 20 to 27 feet Bike and 
pedestrian trials 
Easy Fairly long $5.2 million 
John E. Mathews  Truss 7736 feet 152 feet 4 Difficult Short $65 million 
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the researchers videotaped the whole class discussions, and audio taped each group of 
students. Data were analysed using interpretative techniques (Miles & Huberman, 1994). 
Audio and video records helped us to identify the unique ways in which students worked 
towards developing a model for solving the bridge design problem, as well as the sequence 
of the modeling processes and strategies used by students during the solution of the 
problem. Detailed analysis of all data was the used to develop categories of the 
mathematization and modeling processes of students, as to identify developments in the 
model creations with respect to the ways in which the students: (a) interpreted and 
understood the problem, (b) selected and categorized the data sets, and applied 
mathematical operations in transforming the qualitative and quantitative data, and (c) 
developed their models for solving the problem. In the next section we summarize the 
model creations of the student groups in solving the Bridge Design problem.  
 
RESULTS 
Nine out of the thirteen groups of students worked on the modeling activity succeeded in 
developing quite appropriate models for solving the problem. However, not all models were 
appropriate enough for providing a coherent and mathematically robust solution. Four of the 
thirteen groups that participated in the activity failed to develop appropriate models. 
Students in these groups faced a number of difficulties, especially in understanding the core 
question of the problem and in handling the provided data. At first, students failed to realize 
that in order to select the best possible bridge type they first had to identify a number of 
factors necessary for developing a comprehensive model. Further, students in these groups 
started working immediately with a partial set of the provided data and without connecting 
the problem with the real life situation. As a consequence, they did not find it necessary to 
make decisions (e.g., which factors might be more important than others; deciding between 
cost and safety) and quite straightforward they selected specific types of bridges by partially 
focusing on one characteristic (e.g., life time or cost). Consequently, students in these four 
groups spent most of their time on randomly selecting data from the two tables and making 
calculations, not appropriate enough for modeling the bridge problem.   
The successful (and partially successful) solutions, with regard to increased sophistication 
of mathematical thinking, are summarized in four different models presented next.   
Bridge Design Model A 
Three groups developed quite similar models for solving the Bridge Design problem. These 
groups focused partially on the provided data (e.g., work with only one type of bridge) and 
in most they interpreted personal opinions and concerns rather than focusing on the data 
provided for developing more “mathematized” models. Two groups (Group 1 and Group 2) 
finally selected the cable-stayed bridge, while the third group (Group 3) selected the arch 
type bridge. Group’s 1 work is presented in detail in the following paragraphs and, where 
appropriate, comments on Group’s 3 developments also appear.  
Group 1, similar to other two groups, commenced the activity by discussing the four types 
of bridges presented in the first table (see Table 1). Students extensively discussed that it 
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was important that the new bridge should be constructed very fast, since 35W motorway is 
one of the busiest roads in Minnesota. Similar to this, students in Group 2 stated (after 
searching in the Web) that the collapsed bridge was extremely busy, as being part of an 
interstate road. Based on this fact, the group ended in reporting that the new bridge should 
be constructed very fast. They concluded that: “Cable-stayed Bridge sounds as the optimal 
choice, since it is fast to be built and its only disadvantage is related to long span”. They 
concluded (without any further documentation) that the requested bridge span was medium 
and therefore there were not any problems in selecting the specific bridge type. Similar to 
the above process, Group 3 selected Arch Bridge type, since (according to Table 1 data) 
among this bridge type’s advantages was the long lifetime.  
A second characteristic of all three groups’ work was the absence of any ranking or 
comparison between the different bridge types, especially taking into consideration data 
from Table 2. As a consequence, students in Group 1 moved into the second table (the one 
providing examples of the different major types of bridges) and only focused on the two 
examples of Cable-stayed Bridges. However, they only discussed selected properties of the 
two bridges and did not focus their attention on all provided data. Students commented on 
the constructability factor, documenting that it is easy to construct Cable-stayed Bridges. 
Students further commented that since lifetime for Cable-stayed Bridges was fairly long, 
that was the type of bridge appropriate for the Minnesota 35W Bridge. While students in all 
three groups used decision making processes, only based on qualitative information for 
selecting the best possible bridge type, they did not provide any cost related models for 
comparing the different bridge types and finally selecting the most appropriate.      
Bridge Design Model B 
Similar to the work presented in Bridge Design Model A, students in another three groups 
(Groups 4, 5 and 6) did not take into consideration all bridge types. They immediately 
excluded truss bridge type because that was the type of the collapsed bridge. All three 
groups reported in their worksheets that: “people would not feel secured using the same 
type of bridge”. Students in one group documented that: “it is better to use a new type of 
bridge. We should not be very concerned about the cost, but we will not use Cable-stayed 
Bridge or Suspension Bridge because they are too expensive”. As a consequence, all three 
groups decided to choose the Arch Bridge; according to their worksheets: “arch bridge is 
quite cheap and can easily be used in the specific place … there are not any long span 
arches, and stone and concrete could be easily used”.  
While students in the above three groups failed to take into consideration all data provided 
and they also did not understand and/or discuss the possible disadvantages of the arch 
bridge type (e.g., the construction of arch bridge is difficult). When prompted to further 
revise and document their solution, students in Group 5 reported that a Cable-stayed bridge 
could also be used if there were not any cost constrains, but without providing any further 
documentation. Finally, similar to Bridge Design Model A developments, they did not make 
any attempts to develop a cost model for comparing the different types of bridges.  
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Bridge Design Model C 
Similar to the work presented in Bridge Design Model A, two groups (Group 7 and 8) 
resulted in selecting the Cable-stayed bridge type. They based their selection on the fact that 
this type of bridge can be constructed quite fast, and that was exactly what was needed for 
the specific case. In contrast to Model A, students in these two groups incorporated and 
discussed within their model other factors, like the design effort and the materials used. 
Although this decision was quite important, students did not succeed in incorporating it into 
their ranking procedures for calculating the cost for each type of bridge. The work of Group 
7 is presented in detail below.  
From the beginning, students in Group 7 reported that the best possible bridge was the 
cable-stayed bridge. However, they had a debate in their group on whether cable-stayed 
bridge was a better option than suspension bridge type. Some students commented that this 
type of bridge was too expensive, so students decided to develop a cost model for each type 
of bridge in an attempt to base their selection on more criteria than qualitative information. 
In contrast to Group 7, which developed a cost model for all four types of bridges, Group 8 
model excluded truss bridge type.       
Initially, Group 7 developed a quite simple division model, by dividing cost (at present 
value) by the total length of each bridge and then calculating the average cost for each 
bridge type. Their interactions within their group helped them realized that the width of 
each  bridge  in the  provided examples was not the same. During the second cycle of model  
 
Figure 1. Group’s C cost per ft2 of deck model 
development, students developed a new model, based on a cost per ft2 of bridge deck. 
However, this was not a straightforward process. Students faced difficulties in calculating 
the width of the different bridges, since provided data referred to car lanes. Researchers 
assisted them finding that the typical width of a lane was 12 feet and using this figure, they 
developed the cost per ft2 model presented in Figure 1. They also made an estimation of the 
width of bike and pedestrian bridges, by using in their model a fixed width (30 ft).  
Mousoulides & English 
   
Abcde+3 ICME-12, 2012 
Based on their results, Group 7 students confirmed that the best possible bridge type was the 
cable-stayed bridge. They further supported their decision by emphasizing that this bridge 
type was the cheapest, according to their results. However, students did not question the 
great variation in their results, especially the big differences between bridges within the 
same bridge type. The latter was among the additional information included in the model 
developed by one group (Group 9), which is presented next.  
Bridge Design Model D 
Similar to previous groups, Group 9 students commenced the problem by excluding 
truss-type bridge. Students reported that: “selecting the Truss type Bridge would make 
people feel insecure and bring back all those bad memories”. Using the data provided in the 
first table, students concluded that all bridge types had their advantages and disadvantages 
and therefore they could not conclude from the first table on the recommended bridge type. 
They firstly concluded that a cost model for ranking the different bridge types was needed. 
This group’s work was more refined that the work presented in Model C for a number of 
reasons. Although they first developed a similar to Model C cost model, they realized that 
calculating the average cost per ft2 of deck for each bridge type was not the best possible 
solution. They concluded that the great variation in their results for bridges of the same type 
could be corrected by integrating in their model more factors. They reported that: “Cost is 
not proportionally related to the surface of the deck, but also the level of difficulty in 
constructability, just like in the Golden Gate, is an important factor”. Students also 
approached the problem in a more realistic way; they considered the necessary extra lanes 
for bridges and bike and pedestrian lanes (see Figure 2).  
 
Figure 2. Group’s D cost per ft2 of deck model 
Students also incorporated into their model the difficulty level of each bridge construction, 
by dividing the final cost per ft2 by 1.5 for the bridges listed as “difficult constructability” in 
order to have the same basis of comparison for all types of bridges. According to their 
model, the final ranking was: Cable-Stayed, Arch, Truss, and Suspension Bridge. However, 
students finally selected the Arch Bridge as the best possible solution for the collapsed 
bridge, since they were still concerned about the stability of a cable-stayed bridge for long 
span bridges (see data in Table 1). Group 9 final model is presented in Figure 2.  
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DISCUSSION 
In this paper we have argued that the inclusion of complex engineering modeling activities 
in school mathematics and science can engage students in creative and innovative problem 
solving and can increase their awareness of the different aspects of mathematical problem 
solving and modeling in real world problems. The problem implemented in this study has 
been developed from a modeling perspective, which takes students beyond their usual 
problem-solving experiences to encounter situations that require substantial interpretation of 
the problem goal and associated complex data. Students have to elicit their own 
mathematical and scientific ideas and operations as they work the problem; this might result 
in student products that embody the relationships, and operations that they considered 
important in creating their model, powerful insights can be gained into the growth of their 
mathematical and scientific thinking (English & Mousoulides, 2011).  
Students developed a number of different models that adequately solved the problem, 
although not all models took into account all of the data provided. Even worse, a significant 
number of models were not coherent and thus not appropriate; there was a lack of 
consistency, revisions rarely appeared, and model documentation was quite superficial. 
Models varied in the number of the problem factors students used (cost per surface of deck, 
aesthetic of the different bridge types, design effort, constructability difficulty level, and 
length), with only one group developing a successful model considering both the 
engineering and the mathematical aspects of the problem. The groups also adopted different 
approaches to dealing with the problem factors. For example, some groups did not rank the 
different bridge types but only provided pair comparisons between the different bridge 
types, while some other groups developed quite sophisticated procedures for ranking 
different bridge types according to their cost. In line with other studies (e.g., English & 
Mousoulides, 2011; Mousoulides et al., 2008), model development is not easy or effortless 
process at the school level. The fact that decision making in complex problems is not a 
straightforward process was also highlighted in this study. The Bridge Design activity 
provided opportunities for students to appreciate that in complex real world problems it is 
necessary to combine many factors some of which may be conflicting, that there may be 
multiple objectives that need to be satisfied, and there is not always a unique solution. 
Additionally, students were engaged in iterative cycles of improving their solutions, and in 
documenting their models, an integral of a solution for a real world complex problem.  
In concluding, substantial more research is clearly needed in the design and implementation 
of engineering modeling activities in elementary school mathematics and science curricula 
and the learning generated. Real world based engineering modeling problems for 
elementary school students is a much-needed field of research. The elementary school 
curriculum provides ideal opportunities for introducing students to foundational engineering 
ideas and principles and engineering related problem solving has the potential to positively 
impact students’ mathematical and scientific thinking and problem solving competences.      
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